Aims Hypoxia has been implicated as a cause of adipose tissue inflammation in obesity, although the inflammatory response of human adipose tissue to hypoxia is not well understood.
Introduction
Adipose tissue inflammation underlies the pathogenesis of multiple comorbidities of obesity including diabetes. Hypoxia is a potential cause of adipose tissue inflammation, and increased adipocyte size and decreased adipose tissue blood flow have been implicated as possible mechanisms [1, 2] . Adipose tissue is comprised not only of adipocytes, but also a stromovascular cell fraction (SVF), over half of which consists of leucocytes, including adipose tissue macrophages (ATMs), T cells, and natural killer (NK) cells. The SVF is a dominant source of inflammatory cytokines within adipose tissue [3] [4] [5] [6] [7] [8] [9] [10] , and is therefore an appropriate target for the study of mechanisms underlying hypoxia-induced inflammation. Despite data implicating adipose tissue hypoxia in obesity and metabolic disease, hypoxia-induced inflammatory responses in human adipose tissue and adipose tissue SVFs are not well understood. Activation of mitogen activated protein kinase (MAPK) signalling pathways and endoplasmic reticulum stress (ERS) have been implicated in hypoxiainduced inflammation in adipose and other tissues [11] [12] [13] and in metabolic disease [1, 2, [14] [15] [16] . Based on these previous data, we hypothesised that hypoxia would induce a proinflammatory cytokine response in human adipose tissue, together with activation of MAPK and ERS-related genes. The goal of this study was to characterise cytokine and cellular stress gene responses to hypoxia in the human adipose tissue SVF, and to identify molecular mediators of hypoxia-induced inflammation within adipose tissue that might serve as targets for further research.
Methods
Participants Obese participants undergoing laparoscopic bariatric surgery and lean participants undergoing abdominal surgery (fundoplication for reflux disease [n=12], cholecystectomy for gallstone disease [n=1], colectomy for quiescent diverticulitis [n=7] or stage I colon cancer [n=1]) were enrolled and consent was obtained, with Institutional Review Board approval consistent with applicable institutional and governmental regulations concerning the ethics of human volunteers. Obese participants met the National Institutes of Health (NIH) criteria for surgery [17] . Visceral adipose tissue (VAT) from the greater omentum and subcutaneous adipose tissue (SAT) from the abdominal wall were harvested at the beginning of the operation and processed immediately.
Tissues were collected from a total of 56 obese and 21 lean volunteers. The mean age for obese participants was 44±12 (SD)years and mean BMI was 51±8 kg/m 2 (SD); 85% of obese participants were female. The mean age for lean participants was 46±12 years (SD) and mean BMI was 24±3 kg/m 2 (SD); 38% of lean participants were female. The prevalence of diabetes, hypertension, sleep apnoea and hyperlipidaemia were 39%, 58%, 67% and 48%, respectively, in obese participants, and 0%, 11%, 0% and 4% in lean participants. Medications in obese volunteers included angiotensin converting enzyme inhibitor (21%), statin (14%), proton pump inhibitor (16%), H 2 antagonist (14%), NSAID (18%), beta antagonist (14%), metformin (26%) and aspirin (28%). Medications in lean volunteers included angiotensin converting enzyme inhibitor (7%), statin (0%), proton pump inhibitor (33%), H 2 antagonist (9%), NSAID (7%), beta antagonist (0%), metformin (0%) and aspirin (4%). There were no differences in comorbidities, medications, age or sex between obese or lean participant groups used for different experiments. Age was similar between lean and obese participants, but there were more men in the lean group than in the obese group (p=0.002).
SVF and adipose tissue isolation and culture All media and reagents were certified to have endotoxin levels less than 0.030 endotoxin units (EU)/ml. Vessels were dissected from adipose tissue, which was washed in PBS+4% BSA, minced and digested with type II collagenase (175 units/ ml in PBS+2% BSA, Gibco, Carlsbad, CA, USA) for 60 min at 37°C with gentle agitation followed by centrifugation at 200×g for 10 min. The SVF cell pellet was retrieved and washed. One million SVF cells or 10 mg of human VAT were cultured in 1 ml of RPMI+10% fetal calf serum for 24 h in standard culture conditions with 21% O 2 and 5% CO 2 (normoxia) or hypoxic conditions (1% O 2 , 5% CO 2 ), for which cells were placed in a BillupsRothenberg chamber (Billups-Rothenberg, del Mar, CA, USA) infused with 1%O 2 and 5%CO 2 at 37°C. The c-Jun terminal kinase (JNK) inhibitor SP6000125 and the p38 inhibitor SB202190 (Sigma-Aldrich, St Louis, MO, USA) were used at 10 μmol/l [18, 19] . Flow cytometry analysis with viable dye confirmed viability of >90% at 24 h for SVF cultures.
Immunohistochemistry Sections of formalin-fixed, paraffinembedded adipose tissue (5 μm) were deparaffinised with xylene and graded alcohols into deionised water, placed in citrate buffer solution pH 6.0 (Target Retrieval Solution, Dako, Carpinteria, CA, USA), heated in a pressure cooker for 10 min, quenched with 3% H 2 O 2 in methanol in a humidifying chamber, rinsed in tris-buffered saline (TBS), and incubated for 20 min at 25°C with 2.5% normal horse serum (Vector Laboratories, Burlingame, CA, USA). CD34 antibody (1:3200 dilution of Clone QBEnd10; Dako), CD68 antibody (clone KP1), or CD3 antibody (clone 2GV6) (Ventana Medical Systems, Tucson, AZ, USA) were added for 1 h, then slides were rinsed in TBS. Detection was performed with the ImmPress peroxidase kit (Vector Laboratories) with a final 4 min reaction in 3,3′-diaminobenzidine (DAB) solution (Dako) and haematoxylin counterstaining. Stained cells and adipocytes were counted for ten 40× fields for each slide for ATM and T cells, and ten 20× fields for endothelial cells, by two blinded observers.
Flow cytometry CD14 antibody was chosen for flow cytometry analysis of ATM because CD68 is primarily an intracellular protein. Cells were incubated with appropriate antibodies (CD14-APC-Cy7, CD3-PE, CD4-PE-Cy7, CD8-APC, CD45-PE-Cy5.5, CD56-PE [eBiosciences, San Diego, CA, USA]) for 30 min, washed with PBS, 0.5%, BSA, 0.1% NaN 3 , fixed with Cytofix/Perm solution and analysed on an LSR II flow cytometer (BD, Franklin Lakes, NJ, USA). Data were analysed using FlowJo software (Tree Star, Ashland, OR, USA) after exclusion of doublets and non-viable cells using viable dye (Invitrogen, Carlsbad, CA, USA). Post-acquisition compensation, isotype controls and fluorescence minus one gating were used to determine gates. After excluding doublets and non-viable cells, a large forward and side scatter gate was used to include all viable cells, followed by gating on cells expressing the panleucocyte marker CD45, followed by gating on cell populations of interest (Fig. 1c) .
Magnetic bead sorting SVF underwent two rounds of sorting with anti-human CD14 antibody-coated beads (Miltenyi Biotec, Bergisch Gladbach, Germany) according to the manufacturer's instructions. Flow cytometry demonstrated a mean enrichment of CD14+ cells from a mean of 18% CD14+ cells within bulk SVF to a mean of 82% CD14+ cells within CD14-enriched fractions and <1% CD14+ cells within the CD14-depleted fractions. Virtually all CD3+ T cells and CD56+ NK cells remained in the depleted fraction. Experiments performed by the manufacturer and our laboratory demonstrate that CD14-beads alone do not stimulate cytokine production. One million sorted (enriched or depleted) or bulk cells were cultured in 1 ml of media for 24 h in normoxic and hypoxic conditions.
Cytokine ELISA ELISA of cell culture supernatant fractions was performed using standard cytokine-specific ELISA kits (Biolegend, San Diego, CA, USA) following the manufacturer's instructions. Standard curves were generated and samples were run in triplicate. Limits of detection for all ELISAs were 2-100 pg/ml. Appropriate dilutions were used for supernatant fractions above the upper limits of detection.
Quantitative real-time PCR (QRTPCR) RNA was prepared from 1×10 6 SVF cells using an RNeasy lipid kit (Qiagen, Germantown, MD, USA) and treated with DNase. Equal amounts of input RNA were used for all reactions, normalising results by amount of input RNA. RNA was reversetranscribed using random hexamer primers. QRTPCR was performed using SYBR Green reagent and transcriptspecific primers using an ABI7900 thermocycler (Applied Biosystems, Foster City, CA, USA). Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and actin were used as endogenous controls and provided similar results in all cases. Fold changes relative to actin are reported. The 2 À$$C t relative quantification method was used to calculate fold difference in transcript levels between samples; efficiencies of amplification for all primer pairs were verified to be equivalent over a range of template concentrations. Primer sequences are provided in the electronic supplementary material (ESM).
Western blotting Tissue protein lysates in radioimmunoprecipitation (RIPA) buffer (50-100 μg) were loaded on a 10% SDS-PAGE gel for electrophoresis then transferred to polyvinylidene fluoride (PVDF) membrane. Membranes were blocked in tris-buffered saline Tween-20 (TBST)+5% skimmed milk for 1 h at 25°C, washed three times in TBST, then incubated with primary antibodies specific for phosphorylated or total JNK 1/2 or p38 (Cell Signaling Technologies, Beverly, MA, USA) or hypoxia-inducible factor 1, alpha subunit (HIF-1α) and actin (R&D Systems, Minneapolis, MN, USA) in TBST+5% skimmed milk for 12 h at 4°C. Membranes were washed three times in TBST and incubated with IRDye800-conjugated goat anti-rabbit IgG (Rockland Immunochemicals, Gilbertsville, PA, USA) and Alexa Fluor 700-conjugated goat anti-mouse IgG (Invitrogen, Carlsbad, CA, USA) secondary antibodies in TBST+5% skimmed milk for 1 h at 25°C, then washed three times. For HIF-1α, peak production was observed at 4-6 h of culture, with waning levels at 24 h of culture (data not shown); data was analysed at the 4 h time-point. Western blotting lysates were immunoprecipitated with antibody to HIF-1α (R&D Systems) prior to loading on gels. For p38 and JNK, immunoprecipitation was not necessary and peak production and phosphorylation levels were observed at 24 h and data is reported at this timepoint. For HIF-1α, blots were stripped and reprobed with actin specific antibody (R&D Systems), and data are reported as actin-normalised HIF-1α levels, i.e. [HIF-1α, hypoxia/actin, hypoxia]//[HIF-1α, normoxia/actin, normoxia]. For JNK and p38, data is reported as relative phosphorylation, i.e. [phosphorylated protein, hypoxia/ phosphorylated protein, normoxia]//[total protein, hypoxia/ total protein, normoxia]. Finally, fresh (not cultured) VAT lysates were prepared immediately after tissue harvest from lean (n=7) and obese (n=8) participants and analysed with sequential western blotting using HIF-1α and actin antibodies as described above. Data from these blots were normalised to actin and reported as described above.
Densitometry was performed using an Odyssey Infrared Imaging System and software (LI-COR Biosciences, Lincoln, NE, USA).
Adipocyte sizing Minced whole adipose tissue explants were incubated in DMEM with 0.5%BSA at 5%CO 2 , 37°C for 2 h, followed by addition of 1 μl of 2.5 μmol/l C 1 -BODIPY 500/510 C 12 (Invitrogen) and incubation for 1 h. Explants were washed in PBS, mounted on a slide and visualised using a Leica DM4000 B imaging system with 488 nm excitation and recorded at an emission wavelength 
Results
Human adipose tissue in obesity is characterised by a leucocyte infiltrate and elevated basal SVF inflammatory cytokine secretion Immunohistochemistry with CD68 (macrophage) and CD3 (T cell) antibodies demonstrated an increased number of ATMs and T cells in obese, compared with lean, adipose tissue within both depots, and in VAT relative to SAT within obese participants (Fig. 1a) . Crown-like structures of macrophages were observed in obese, but not lean, adipose tissues, together with isolated ATMs. T cells were evenly distributed (Fig. 1b) . Flow cytometry phenotyping demonstrated that multiple leucocyte subpopulations, including ATM (CD14+), CD4+ and CD8+ T cell (CD3+) subsets, and NK cells (CD56+) were increased in frequency in obese VAT SVF relative to lean VAT SVF, and in obese VAT relative to obese SAT (Fig. 1c-e) .
In order to functionally characterise this inflammatory cell infiltrate, we studied in vitro basal cytokine secretion in purified SVF. Consistent with the observed increased leucocyte infiltrate, SVF from obese compared with lean participants demonstrated increased secretion of TNF-α, IL-6, IL-10, and CCL-2 ( Fig. 2a-d) . Cytokine secretion levels were similar between VAT SVF and SAT SVF within the obese cohort (Fig. 2e-h ).
Hypoxia induces inflammatory cytokine secretion by ATM in adipose tissue SVF We next studied the effect of hypoxia on cytokine secretion in VAT SVF from obese participants and sought to determine the cellular source of cytokines within SVF. Bulk SVF, together with matched CD14-enriched and CD14-depleted SVF fractions, was cultured for 24 h in normoxic or hypoxic conditions and supernatant fractions were studied with ELISA. In bulk SVF, TNF-α secretion was increased and IL-10 and chemokine (C-C motif) ligand 2 (CCL2) secretion were decreased in response to hypoxia, while IL-6 secretion was unchanged. These effects were magnified in CD14-enriched SVF and absent in CD14-depleted SVF, demonstrating that ATMs are the dominant source of inflammatory cytokines in both normoxic and hypoxic conditions (Fig. 3) . Responses were similar in SAT SVF from obese participants, and in VAT SVF from lean participants, but of lower orders of magnitude that did not reach statistical significance (data not shown). Shorter culture times of 6 and 12 h demonstrated a similar pattern of cytokine production to 24 h, but with lower overall production levels consistent with production and accumulation of cytokine in the culture supernatant fractions over the culture period (data not shown).
Hypoxia induces transcription of metabolic stress response genes in obese VAT SVF We next studied transcriptional responses of a panel of cellular stress response genes to hypoxic challenge in adipose tissue SVF in order to identify potential underlying molecular mechanisms of hypoxiainduced inflammatory responses. Obese VAT SVFs were cultured in hypoxic or normoxic conditions for 24 h and RNA studied with QRTPCR. Hypoxic culture increased transcript levels of GLUT1, VEGF (also known as VEGFA), PERK (also known as EIF2AK3), C-JUN (also known as JUN), ATF2 and UCP1 (Fig. 4) . Expression of ATF6, HSPA5, IKKβ (also known as IKBKB) and IRE-1 were not altered by hypoxic culture. While trends were similar in SAT SVFs from obese participants, only an increase in GLUT1 transcription approached, but did not reach, statistical significance (3.86-fold increase, p=0.075). Hypoxic culture induced transcription of only GLUT1 in VAT SVFs from lean participants (n=8, 8.06-fold increase, p<0.001).
JNK and p38 inhibition attenuates cytokine secretion in response to hypoxic culture, and hypoxia induces upregulation of HIF-1α and phosphorylation of p38, but not JNK, in human adipose tissue VAT SVFs from obese participants were cultured in normoxic or hypoxic conditions with or without the JNK inhibitor SP6000125 or the p38 inhibitor SB202190 for 24 h and supernatant fractions were studied using ELISA. JNK and p38 inhibition each decreased hypoxia-induced secretion of all cytokines studied (Fig. 5) . We next studied p38 and JNK phosphorylation in response to hypoxia. Low protein yields precluded this analysis in purified SVF, but sufficient quantities of protein were isolated from whole VAT explants from obese participants. Hypoxia induced phosphorylation of p38 but not JNK in adipose tissue explants (Fig. 6) . Upregulation of HIF-1α by hypoxic culture was observed (Fig. 6a) , with a mean 1.30-fold upregulation (p=0.030, independent t test). No differences in basal HIF-1α levels were observed in obese, compared with lean, VAT lysates subject to western blotting analysis immediately after collection (p=0.487, independent t test). Adipocyte size and adipose tissue capillary density in human adipose tissue Increased adipocyte diameter and reduced adipose tissue blood flow have been implicated as underlying mechanisms of adipose tissue hypoxia in vivo. Adipocyte diameter was greater in obese than lean participants in VAT and SAT. Adipocyte diameter was increased in SAT relative to VAT in obese, but not lean, participants (Fig. 7) . Capillary density was decreased in adipose tissue from obese participants compared with lean participants in VAT and SAT. Capillary density was increased in VAT compared with SAT in lean participants, but no difference was observed in obese participants (Fig. 8) .
Discussion
Hypoxia is a potential root cause of adipose tissue inflammation. We used in vitro hypoxic culture to study human adipose tissue inflammatory responses to hypoxia and identify mediators of hypoxia-induced adipose tissue inflammation. Our data implicate p38 in the regulation of hypoxia-induced inflammation, and suggest that adipocyte size and adipose tissue capillary density may underlie adipose tissue hypoxia in obesity.
Human adipose tissue in obesity is characterised by a pan-leucocyte infiltrate and increased inflammatory cytokine secretion We observed increased infiltration of ATMs, as well as T cells and NK cells, in adipose tissue in obese participants, which was greater in VAT than SAT. These data are consistent with multiple previous reports documenting increased ATM levels in obesity [4, 20, 21] , as well as emerging data implicating adipose tissue T cells and NK cells in adipose tissue inflammation [7, 22] . In order to functionally characterise this leucocyte infiltrate, we studied in vitro cytokine production in purified SVF for select cytokines that have been implicated in metabolic disease. Fig. 4 Obese VAT SVF transcriptional responses to hypoxic culture. RNA was prepared from VAT SVF from ten obese participants cultured in hypoxic or normoxic conditions for 24 h and subject to QRTPCR analysis. The ordinate shows fold difference in transcript level in hypoxic culture relative to normoxic culture referent. *p<0.05 derived from paired t tests of ΔC t values comparing hypoxic vs normoxic cultures for matched SVF specimens. Error bars show SEM. Similar data from matched SAT SVF from the same ten obese participants, and from VAT SVF from eight lean participants demonstrate that hypoxia did not induce upregulation of any transcripts studied except for GLUT1 in lean VAT SVF (data not shown, see the Results for details) [23] [24] [25] . CCL2 and IL-6 have also been linked to adipose tissue inflammation [26] [27] [28] . IL-10, in contrast, attenuates inflammation and is decreased in obesity and the metabolic syndrome [29] . We observed increased basal secretion of TNF-α and IL-10 by the obese SVF compared with the lean SVF, consistent with the observed increased leucocyte infiltrate. We did not observe increased cytokine production in the VAT SVF compared with the SAT SVF within obese participants, consistent with the more modest increase in ATM infiltrate in obese VAT SVF relative to obese SAT SVF (compared with the greater difference observed between obese and lean VAT SVFs). Finally, we demonstrate that CD14+ ATMs are the primary source of basal inflammatory cytokine production within the SVF, consistent with previous data [7, 30] . The increased basal levels of IL-10 secretion in the obese SVF are not consistent with the observed lower serum levels of IL-10 reported in obesity [29] . These data are derived from purified SVF, which has been shown to produce higher levels of multiple pro-and anti-inflammatory cytokines, including IL-10 [7, 30] . In vitro SVF cytokine levels are therefore unlikely to be an accurate representation of serum cytokine levels, which derive from multiple in vivo sources in addition to adipose tissue.
Human adipose tissue SVF cytokine and transcriptional responses to hypoxia Hypoxia regulated TNF-α and IL-10 secretion in obese VAT SVF in a reciprocal manner, inducing TNF-α secretion and inhibiting IL-10 secretion, consistent with a proinflammatory effect. Hypoxia also induced upregulation of GLUT1, VEGF, PERK, and C-JUN transcripts in obese VAT SVF. These hypoxia-induced responses were absent in lean VAT SVF and in obese SAT SVF, consistent with the decreased inflammatory infiltrate in these tissues.
Our data confirm that CD14+ ATMs are the dominant source of both basal and hypoxia-induced inflammatory cytokine secretion within the SVF. Others studies of hypoxia-induced adipose tissue inflammatory responses have focused primarily on adipocytes differentiated in vitro from pre-adipocytes [11, [31] [32] [33] . We focused study on the SVF because multiple reports suggest that it is the primary source of most inflammatory cytokines in adipose tissue [3] [4] [5] [6] [7] [8] [9] [10] . Nonetheless, adipocytes represent an alternative source of cytokines, producing similar levels of select cytokines compared with the SVF, most notably IL-6 [6] [7] [8] . Our data in the SVF, therefore, not unexpectedly differ from studies of hypoxiainduced cytokine production in adipocytes. For example, Wang et al. demonstrated minimal hypoxia-induced TNF-α secretion in adipocytes, but increases in IL-6 [33] , a pattern that we did not observe in the SVF, consistent with data demonstrating that adipocytes secrete significant levels of IL-6, but low levels of TNF-α [6] [7] [8] , in part possibly due to lack of adipocyte production of TNF-α converting enzyme [34] . These observations aside, however, and with the exception of IL-6, previous data demonstrate that SVFs are the primary source of the cytokines studied in this manuscript [3] [4] [5] [6] [7] [8] [9] [10] .
p38 regulates hypoxia-induced adipose tissue inflammation Given the hypoxia-induced increase in c-Jun and ATF2, transcription factors that are induced by JNK and p38 respectively, we elected to further study the MAPK family members JNK and p38, both of which have been implicated in obesity and metabolic disease [14, 19, 35, 36] . Hypoxia induced upregulation of p38 phosphorylation in cultured human adipose tissue, consistent with hypoxia-induced activation of p38. Small molecule inhibition of either p38 or JNK decreased hypoxia-induced SVF inflammatory cytokine secretion. These data suggest a role for p38 in regulating adipose tissue inflammation. Others have implicated p38 in metabolic disease [37, 38] , demonstrating that p38 influences thermogenesis in adipose tissue via regulation of UCP1 expression and fatty acid oxidation [16] as well as regulating TNF-α-mediated insulin resistance in endothelial cells [19] . We demonstrate hypoxia-induced increase in UCP1 transcript levels in the SVF in response to hypoxia, suggesting that hypoxia may regulate mitochondrial, thermogenic and oxidative functions in adipose tissue. Further research will be necessary to determine the precise role of UCP1 in the regulation of hypoxia-induced inflammation.
Putative underlying mechanisms of hypoxias Adipocyte enlargement may contribute to hypoxia by presenting a cellular oxygen diffusion barrier [1] . Adipocyte diameter was increased in obese compared with lean participants, and VAT adipocytes were smaller than SAT adipocytes, consistent with previous data [39] [40] [41] . Alterations in adipose tissue blood flow have also been implicated as a potential cause of hypoxia in human obesity based on systemic radionuclide washout techniques [42, 43] . Consistent with these data, adipose tissue capillary density was decreased in obese participants, similar to data from other researchers in mice [44] and humans [45] , although no depot-specific differences were observed. These data suggest that, while adipocyte enlargement and decreased adipose tissue capillary density may contribute to hypoxia in obesity, these phenomena do not explain depot-specific differences in inflammation.
Limitations In vivo tissue O 2 concentrations are lower than standard tissue culture concentrations of 21%. Adipose tissue pO 2 (the partial pressure of oxygen) is estimated to be 15-50 mmHg, corresponding to 3-15% O 2 [1, 2, 46, 47] . In vitro hypoxic culture conditions therefore only approximate in vivo conditions. Nonetheless, 21% and 1% are commonly employed to approximate 'normoxia' and 'hypoxia' respectively in vitro [2, 11, 31, 48, 49] and 1% O 2 induces a marked increase in inflammatory response relative to standard tissue culture conditions. Thus, while not an exact simulation of in vivo hypoxia, this in vitro system nonetheless provides a useful model, and demonstrates upregulation of HIF-1α in cultured adipose tissue explants. No differences were observed in HIF-1α levels between fresh obese and lean VAT explants, or between fresh VAT and SAT explants within the obese cohort. We suspect that in vivo differences in this marker, which is rapidly degraded and turned over, may be more subtle than the observed differences elicited by the strong hypoxic stimulus provided by the in vitro culture system. Furthermore, the in vivo hypoxic status of human adipose tissue is likely to be subject to multiple clinical variables, such as meal status, circadian rhythm and stress, which are not present or controlled for in the fasted patients under general anaesthesia that were the source of tissue in this study. These data focus on indirect in vitro measures of hypoxia; direct measurement of in vivo adipose tissue pO 2 and blood flow will be pursued in future research. Moreover, there were more men in the lean control group than in the obese group. This sex difference was unavoidable given the limited number of lean volunteers available.
Signalling pathways in addition to ERS are active in hypoxia-induced inflammation. Nuclear factor κB (NFκB), for example, has been shown to be activated in macrophages in response to hypoxia and to mediate inflammation [50] . Future research will study the role of NFκB and other signalling pathways in response to hypoxia in adipose tissue.
Conclusion Hypoxia induces inflammatory cytokine secretion and metabolic stress gene transcription in obese adipose tissue ATMs together with increased phosphorylation of p38 in whole adipose tissue. Human obesity is associated with increased adipocyte size and decreased adipose tissue capillary density, suggesting possible mechanisms of adipose tissue hypoxia. These data suggest that hypoxia may regulate adipose tissue inflammation in vivo, and implicate p38 in the regulation of hypoxia-induced adipose tissue inflammatory responses.
